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INTRODUCTION 
The view of a seed-corn field destroyed lay race T of Helninthosporium 
Tnavrii s Nisikado & Miyake in the summer of 1970 served as impetus for this 
thesis. With its increased virulence on com having a cytoplasmic male 
sterility factor used widely for hybrid, seed-com production, the pathogen 
caused greater economic loss than the production losses experienced in the 
1970 Southern com leaf blight epidemic. The greatest loss was Texas 
cytoplasmic male sterility (Tms cytoplasm), a hybrid com production tool 
which had saved millions of dollars yearly in detasseling expenses. Its 
extreme susceptibility to race T made it unsuitable for further use (61), 
While other cytoplasms may be adapted as recompense for the loss, it could 
save money and time if Tms cytoplasm could be salvaged. 
The specificity of race T for plants with Tms cytoplasm appears to 
directly originate from a host-specific toxin produced by race T (48), A 
complete understanding of the mechanism by which the toxin induces damage 
would appear necessary. To that end, knowledge of what is damaged by the 
toxin and when such damage occurs would seem a logical step. 
Work delineating the damage found in fungal leaf lesions was under­
taken simultaneously to this study (7, 92), Abstracts of the results are 
published but it is obvious they could not separate mechanical destruction 
and enzymatic action from toxin induced changes. This thesis was under­
taken in order to detenaine the nature of the host specific toxin induced 
alterations in leaf tissue. 
It was hoped at the onset that electron microscopic observations 
could be correlated to selected physiological time sequence studies in 
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order to determine what cellular components were the primary sites 
affected by toxin and when such damage occurred. It was understood also 
that the primary effects could be at the molecular level and thus below 
the limit of resolution of the electron microscope. Following the reason­
ing that first affected ccaqponents would tend to continue in their degrada­
tion process until gross differences, within the resolution of the micro­
scope, were apparent, I chose electron microscopy as a worthy investigative 
procedure. 
Since the host-specific toxin demonstrates a selectivity affecting 
Tms cytoplasmic leaves through symptoms of yellow streaking, and since 
yellowing is an ostensible part of the disease symptom syndrome, tissue 
chosen from yellow streaks was felt to be representative of that damaged by 
toxin. Thus, the tissue for the study of toxic effects was selected. 
Specifically, the objectives of this thesis were; 
1. to determine the respiration rate changes due to toxin treat­
ments of leaf tissues of a single inbred possessing the 
susceptible Tms or normal (N) cytoplasms. 
2. to quantitate, over time, the development of toxin induced 
yellowing of the above named leaf tissue. 
3. to determine when changes occur in a chemical component of 
cells affected ^  the toxin. 
4. to combine the findings of the above physiological assays 
and correlate the data and results from other workers to 
visible changes occurring within toxin treated tissues as 
observed with electron microscopy. 
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LITERATIJRE REVIEW 
Onhinboliis heterostrophiis was identified Tv Dreohsler as the pathogen 
inciting a leaf spot of maize on Florida and Philippine com collections 
in 1925 (19). Nisikado and Miyake (63) published a detailed study of the 
disease in 1926 and named the inç)erfect stage or the causal agent 
HftlininthosTX>rium mardis. In 1934 Dreohsler changed the generic name of 
the perfect stage from Ophiobolus to Cochliobolus (20). The imperfect 
genus was considered to be Bipolaris by Shoemaker and this name is used 
by some researchers today (73). But the name commonly accepted is 
Heljiinthosporium, 
The literature on Southern com leaf blight and H, maydis was 
reviewed by Yu in 1933 (94) and Orillo in 1952 (65). The Southem com 
leaf blight epidemic of 1970 prompted many recent reviews, the most notable 
being those of UUstrup (84, 85), Nelson (60), and Hooker (36). Because 
of these fine reviews only the literature pertaining^directly to this 
study is reviewed hereafter. 
Several groups of cytoplasmic male sterility from among 30 sterile 
sources were detected by backcrossing and analyzing patterns of restored 
fertility (4). They were the Texas group, the S group, and the C group. 
A fourth group, P, probably belonged to the Texas group but may have been 
distinct. 
In 1961 (55) some Philippine iribreds were backcrossed several times 
following a cross to obtain male sterility from "F44T", a source of Texas 
male sterile (Tms) cytoplasm. The cytoplasmically male sterile versions 
were found to be more susceptible to H. mavdis than their normal (N) 
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cytoplasm counterparts. This increased susceptibility was noted on a field 
production level in the Philippines, particularly in wet seasons (1). 
Nuclear controlled resistance to H, maydis was superseded by a factor or 
factors in the Tms cytoplasm (86), A later paper indicated a nuclear 
controlled resistance characterized by formation of chlorotic lesions, a 
delay in lesion necrosis and an inhibition of sporulation (15). This 
resistance was explained as 2 linked, recessive genes (16). 
Greater susceptibility in maize to Phyllosticta zeae. causal agent of 
yellow leaf bli^t, was linked to Tms cytoplasm in 1969 (71) and in 1970 
Scheifele et gl. (72) observed an association between Tms and susceptibil­
ity to H, mavdis in the USA. Plantings of blends of Tms and N cytoplasm 
maize were damaged more severely by H. maydis when they contained greater 
percentages of Tms cytoplasm or its genetically restored fertile counter­
part (Trf) (22). 
The use of Tms cytoplasm in the commercial production of hybrid seed 
com was common practice prior to 1970. In that year maize infection of 
epidemic proportion occurred in the IMited States. Studies on the pathogen 
distinguished 2 physiological races of H. maydis. race 0, and race T (75). 
They were distinguished by differential pathogenicity on inbred com 
seedlings. Race T showed greater virulence towards maize with Tms or P 
male sterile cytoplasm than com with S or C male sterile cytoplasms or 
N cytoplasm. Virulence of race 0 was not conditioned by the cytoplasmic 
history of the maize lines. The differential reaction by race T on Tms 
plants was expressed tjy larger Issicns, chlorotic borders on the lesions 
and rapid sporulation within a lesion when incubated at high humidity. 
Ultrastructural characterization of races 0 and T of H, mavdis showed no 
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differences other than some wall differences in conidia and the occurrence 
of osmiophiHc bodies in the cytoplasm (9). Inoculations of race T on com 
lines with 31 sources of cytoplasmic male sterility indicated only 4 
sources were highly susceptible; these were the HA, P, Q, and T (Ooplasms 
(76). Disease reaction differences were noted in the foim of lesion type 
and lesion number. Varying levels of resistance were found within N and 
Tms cytoplasms and recurrent backcrosses with male sterile cytoplasms (5. 
27, 35). Such variation was attributed to interaction of nuclear genes 
with cytoplasmic factors. 
Host-specific toxins are produced by several plant pathogens in the 
Helminthostorium genus. They will be referred to in more detail later in 
this paper. A toxin which is host-specific and is capable of producing 
all the symptoms of the disease syndrome without the presence of the 
pathogen is called a pathotoxin (90). In 1949 (64) the first indication 
of a toxin from H, maydis cultures was published. Culture filtrates which 
were stable to heat demonstrated toxic killing effects on maize seedlings 
and sugar cane shoots. It was felt that a toxin was probably produced as 
a metabolic byproduct since attempts to extract it from macerated Iq^ae 
in sterile distilled water failed. 
In 1969 (74) blight-producing H. maydis isolates produced a toxin in 
culture which was indicated as being a pathotoxin. It was also extracted 
frcm diseased plants and was capable of inhibiting root elongation and 
causing a yellowing reaction to susceptible leaf tissue floated on culture 
filtrates. The toxin 'jss hsat stable, dialyzablej and probably of low 
molecular weight. The races had not yet been differentiated; so after 
their discovery, Hooker et gl. (37) determined that race T produced a tcflcin. 
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The crude toxin preparations inhibited root elongation in Tins lines but not 
N cytoplasmic lines at certain concentrations (50)* The synptons produced 
were like the disease synpbcm syndrome and specificity of the toxin was the 
same as the pathogen; thus, the toxin could be called a pathotoxin sensu 
Wheeler and Luke (90). 
Virulence and toxin production were closely associated (4?, 51). Toxin 
activity found ia vivo has been considered the disease-deteminant factor 
(48). It is not certain that the toxin found by Orillo in 19^9 (64) was 
the same since it was only briefly described. A pathotoxin from 
Phyllosticta zeae with activity similar to the H, maydis race T pathotoxin 
has recently been obtained (12). 
Gracen gt gl. (26) obtained chlorosis ending in necrosis in Tms potted 
and field plants ^ en sprayed with the &. maydis toxin. Toxin was used in 
susceptibility determinations involving 39 sources of male sterile cyto­
plasm in 5 inbred lines of maize (25)* 
Small volumes of toxin dilutions placed into whorls of Tms seedlings 
by hypodenmic needle puncture through the leaves caused yellow streaks to 
develop in the leaves from the point of wounding (83). Twenty-five sources 
of male sterility in maize were tested by this technique and only Tms or 
Trf plants reacted to the pathotoxin. Concentrations of toxin preparations 
have been quantitated by determining the dilution at which root elongation 
was inhibited 50^ (48). N cytoplasm roots and roots of other nohhost 
plants were affected at high concentrations (74). 
Tcxis sctivity reportedly vas lost hy heat and storage over time at 
room temperature (10). This was contrary to previous findings (74). In 
a later paper Comstock and Scheffer (14) indicated the toxin was heat 
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stable at a low pH and heat labile at hi^ pH levels. Stability was 
maintained in aqueous solutions when stored at -20 C. Another 
Helminthosporium pathotoxin, victorin, produced by H« victoriae. also was 
inactivated with heat at higher pH levels (89). 
Progeny obtained from crosses of race T with race 0 have indicated 
monogenic inheritance of toxin production and host specificity. Virulence 
and the amount of pathotoxin produced were possibly polygenic characters 
(4?) also affected by the media type and culture age (14). 
Lindberg (51) found a close relationship in strains of H. maydis 
between infection with a transmissible agent of disease in the fungus and 
high specific toxin activity. Virus-like particles found in H. maydis 
race T were not found in more weakly pathogenic isolates (8). Further 
study indicated that toxins changed host specificity as fungal isolates 
changed in culture. Toxin changes were indicated on 2 differentially 
susceptible maize lines by lesion size and inhibition of root elongation. 
Fungal changes were indicated by sectoring (52). Recent work by Lim and 
Hooker (49) have only partially characterized the toxic compound produced 
by H. maydis race T. Chemical purification is yet unaccomplished. 
Victorin produced ty H. victoriae is specific towards oats with 
Victoria lineage. Pathogenic isolates produce victorin and victoxinine, 
the supposedly host-specific toxin moiety of victorin (66). Victoxinine 
was not produced by any of 20 isolates of H. maydis (62). 
Victorin applied to various oat tissues caused a rise, then decline, 
in rsspiraticn (2). Increases in respiration in oats were normally 
maintained for 24 hr with victorin treated tissues but leaching reduced 
that time (3). Amador and Wheeler (2) suggested that increased peraeability 
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could be responsible for increased respiration if organic acids leaking 
from the vacuole contacted mitochondria. Ionic leakage, which could indi­
cate concomitant leakage of organic acids, monitored by an electrical 
conductivity bridge has been demonstrated for victorin treated oats (18), 
Types and quantities of organic acid changes had been reported but no 
effect on permeability or oxidative capacity of mitochondria has been 
demonstrated (2). Ionic leakage and other symptoms on toxin treated tis­
sues were inhibited by the presence of cations, particularly Ca"*^, but the 
mechanism was not known (17, 18). 
Samaddar and Scheffer (70) noted that victorin had a drastic effect 
on plasma membranes; electrolyte loss was almost immediate after exposure 
of susceptible leaf tissue to toxin. Victorin induced inhibition of a-
as^lase synthesis in aleurone cells but semicarbazide treatment protected 
the cells against the pathotoxin. Uranyl ccxnpoûnds which bind to the 
plasma membrane also counteract effects of victorin which suggests that 
specific receptor sites on the cell membrane (29, 70) may be common to 
victorin and uranyl salts. However, urai^l ions also appeared to complex 
with the toxin molecule as indicated by bioassay and spectrophotometric 
studies. 
At high concentrations of victorin even resistant oat tissues exhibit 
increased respiration, loss of electrolytes, and an inhibition of root 
growth (89). This is similar to H. maydis race T toxin on resistant tis­
sues (10). Such effects are not compatible with the hypothesis that resist­
ance depends on the absence of toxin receptor sites= 
An apparent synergistic effect between cytokinin and victorin on 
susceptible oat tissue was not due to increased toxicity, but increased 
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toxin uptake. This resulted from increased rates of transpiration brought 
about by cytokinin (53). Victorin alone reduced transpiration (89). 
A host-specific toxin produced H. carbonum also caused small 
increases in respiration of corn leaves (44). The toxin inhibited root 
elongation of susceptible i^^rids more than of near-isogenic resistant 
l^brids. Root elongation of susceptible and resistant com was stimulated 
at low concentrations of the toxin (45). 
Susceptible leaves inoculated with conidia of H. carbonum had greater 
electrolyte leakage than did resistant leaves. Such electrolytes were 
available to the fungus (13). 
Ion leakage studies on com roots treated with H. carbonum toxin have 
revealed there was a selective effect of the toxin on membrane properties 
and not a general derangement of stmcture. Control roots absorbed 200-
300 n moles NO^/g fresh wt/hr; whereas, toxin treated roots absorbed 3 
times the amount of ions. A 30 min desorption period following treatment 
gave slight but equal loss of IK)^ from treated and control roots. Accumu­
lation due to increased ion influx rather than decreased efflux or 
decreased NO^ reduction was suggested. Such a finding indicates that toxin 
had selective effects on membrane properties and did not generally derange 
the structure (93). 
Some data are available on enzyme activities associated with 
Helminthosporium carbonum infection. Jennings et 3^, (40) reported hybrids 
resistant to H, carbonum exhibited higher peroxidase activity idien infected 
cozpsred to healthy controls = No differences were found in polyphenol 
oxidase activity. Polyphenol oxidase and peroxidase activity both 
increased in susceptible hosts. The activities appeared to be more closely 
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associated with susceptibility than with resistance. Neither enzyme was 
found in culture. 
Althou^ less extensively studied than the investigations on H^, 
victoriae and H. carbonum. H. maydis has had similar observations made. 
Work in 1950 ( 38) indicated an inhibition effect on respiration of germi­
nating seeds ly old cultures of H, mavdis. It was suggested that high 
energy phosphate receptors may have been the factor governing increased 
respiration. 
Electrolyte leakage, suggesting membrane effects, from leaves 
infected with race T of H, mavdis was greater than controls or leaves 
infected with race 0 ( 11). Leakage rates from Tms leaves treated with 
toxin was greater than water controls. Increase was not found with toxin 
treated N leaves (10), 
Tissues infected with H, mavdis race T had increased wall degrading 
enzyme activity compared to uninfected controls (46), Peterson et gl. 
(68), working with healthy tissues, found higher p-amylase activity in 
leaves of nonaal cytoplasm com than in the Tms counterparts of 8 inbreds. 
Diseases caused ty various Helminthosporium sp. have been studied 
histologically. Gross observations of fungal penetration by H. victoriae 
on oat seedlings were made in 1953 ( 67), but pathotoxin damage was first 
examined at the ultrastructure level in 1966 ( 54), Root and leaf tissues 
of victorin treated oats were observed, A dark staining material appeared 
between the plasmalemma and cell wall resulting in separation and appear-
sncs cf blister-like bodies j There was general disruption of internal 
membrane systems with endoplasmic reticulum and nuclear membranes more 
severely damaged than mitochondrial membranes, Victorin also resulted in a 
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high frequency of breaks in ehloroplast membranes. A disruption of grana 
fretwork followed hy swelling and disorganization of the grana occurred. 
Membrane systems of resistant varieties were not affected by toxin treat­
ment with the concentrations involved. 
Additional work on victorin treated oat roots (32) noted that an 
increase in electron density of cell walls fixed in pemanganate was the 
first effect seen in the root interior. The dictyosomes fomed enlarged, 
densely stained vesicles and endoplasmic reticulum organized into roughly 
parallel profiles. Large lomasome-like wall lesions developed and an 
increase in membrane bound structures called spherosones was attributed 
to a probable activation of wall-degrading enzymes. Disrupted membranes 
and swollen mitochondria were found only in cells heavily damaged by 
victorin. 
Calcium nutrition may play a role in the pathological changes induced 
by victorin as many effects resembled those of calcium deficiency (17, 32). 
The increased permeability of membranes to water followed by disruption of 
the vacuole and a reduction of plasmalemma area by a process similar to 
pinocytosis are brought about in oat roots by victorin treatment (30). 
Structures resembling the cell wall lesions in victorin-treated oats 
were also found in tobacco roots infected with Phytophthora paragitiea. var. 
nicotianae (31). Other effects included increased vesicular activity 
dictyosomes and a decreased electron density of vacuoles. 
The ultrastructural work of Wheeler (87) with victorin on resistant 
eat roots gave sissilar results as treatments of susceptible roots if higher 
concentrations of the toxin were used. But the cell wall lesions found in 
susceptible tissues were not found in resistant tissues. Additional 
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support for cell vail alterations playing a role in the response of plants 
to toxic agents was found vhen uranyl acetate at moderately toxic concen­
trations vas exposed to roots (88). The overall width and stainability 
became increased. Cells with highly modified walls had discontinuities in 
the plasnaletnma; whereas, cells lacking wall modification had a continuous 
plasmalesBoa. 
Another pathogen similar to those already discussed is H^, sacchari 
tribich causes eye spot of sugar cane. It produces a pathotoxin specific to 
the fungal hosts (78, 79). Large scale screening for resistance to eye 
spot can be done using a toxin injection (79) similar to the screening done 
with H, mavdis (25, 83), One of the pathotoxins produced by H. sacchari. 
called helninthosporoside, h^ been characterized and is proposed to be 2-
hydroxycyclopropyl-a-D-galactopyranoside (82). 
Ultrastructure of toxin treated sugar cane leaves varied from showing 
no alteration of the cytoplasm to complete disruption. Membrane disruption 
eventually leading to general disintegration in chloroplasts in susceptible 
sugar cane was the earliest cytological disturbances attributed to helmin-
thosporoside. Extreme disruption of other cytoplasmic contents was found 
in affected cells (81). 
An anatomical study of Southern com leaf blight materials at the 
light microscope level reported in 1957 revealed general information on 
germination of the conidia of H. maydis and ramification throu^ com tis­
sues by the fungus (41). Susceptible parenchyma was invaded but not vas­
cular tissues. Thus, lateral growth was prevented by veins and the charac­
teristic lesion shape was found. Necrosis was closely associated with 
fungal hyphae. 
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Fungal leaf lesions in resistant and susceptible com iribreds (B37 
Tms and B37 N) were examined for damage by race T of H, mavdis (?). Epi­
dermal cells in susceptible tissues did not change appreciably, but epider­
mal cells of resistant tissues were generally collapsed 48 hr after 
inoculation. An intercellular matrix also appeared in the resistant inbred 
only. Large vacuoles developed in chloroplasts of susceptible tissue at 
the periphery of the lesion; whereas, chloroplasts in resistant tissues 
remained intact, 
A similar study of lesion development by H, maydis race T on Tms 
cytoplasm plants by White et (92) indicated the first detectable change 
was a rupture of the tonoplast within 6 hr after inoculation. By 12 hr the 
chloroplasts had become spherical and highly vacuolated. After 24 hr the 
plasmalemma was ruptured, chloroplast envelopes were disorganized, and the 
mitochondrial matrix was gone. Lesions sampled at 48 hr were necrotic and 
revealed the most advanced stages of general cell breakdown. The authors 
postulated that the pathotoxin functioned by altering cell membrane and 
membrane system structure. Similar types of damage have been observed for 
other pathogens with no indication of toxin involvement (23, 24), 
Miller and Koeppe (56) isolated mitochondria from etiolated shoots of 
susceptible and resistant com plants and subjected them in various 
respiratory states to H, mavdis race T pathotoxin. Respiratory rates of 
susceptible mitochondria changed. An immediate and irreversible swelling 
occurred when pathotoxin was added to Tms mitochondria in a potassium 
chloride reaction medium: Mitochondria from N cytoplasm tissues exhibited 
none of the responses. 
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Indications of 2. mavdis race T pathotoxin interference vith phosphate 
accmulation in com shoot mitochondria resulting in affected growth vas 
found (43). Mitochondrial membranes were disrupted in vitro destroying 
their selective pemeability and a similar mambrane disruption was sug­
gested in intact roots. 
Further work on isolated mitochondria as a possible method of detect­
ing resistant plants met with partial success (91). Mitochondria of 4 
susceptible Tms cytoplasm com leaves were highly sensitive to the toxin 
and had rapid marked respiration changes. Mitochondria from a resistant 
N cytoplasm hybrid were less sensitive but similar changes did occur. 
Wheat mitochondria were relatively insensitive to toxin preparations from 
H. mavdis race T. 
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MATERIA!^ AND METHODS 
Plant materials 
Inbred B37 of Zea mays L. with normal (N) or Texas male sterile (Tms) 
cytoplasms was selected for study. The inbred represented neither extreme 
susceptibility or resistence to H. maydis» Also the inbred was important 
in currently used genotypes of commercial hybrids. Various seed lots of 
B37 Tms and B37 N were obtained from Clyde Black and Son Inc., Hybrid Seed 
Fann, Ames, Iowa. 
For work involving leaf tissue, seeds were grown in unsterilized soil 
in plastic or clay pots in a growth chamber under constant light at 26 C 
for 2 to 3 weeks. Pots were watered daily with distilled water. 
Preparation of crude toxin 
A single ear of field com from Iowa infected in the 1970 epiphytotic 
by race T of Helmi nthoswrium mavdis Nisikado & Miyake was used as the 
inoculum source for cultures. An infected seed was removed from the ear, 
sterilized in 7$ Clorox for 30 sec, placed into a Petri plate on moist 
filter paper and allowed to incubate at room temperature for 2 days, 
Conidia were washed from the seed with distilled water and poured onto 
potato-dextrose agar (FDA) (Difco Laboratories, Detroit, Michigan) and 
allowed to settle and germinate on the agar surface. Single spored EDA 
cultures from transferred genninated conidia were incubated several days 
at room temperature. Streptomycin sulfate (100 ppm) had been incorporated 
into the media. Hyphal tips from these cultures were transferred to 40 
Petri dishes containing PDA (no streptomycin sulfate). These cultures 
were sealed in plastic bags to prevent desiccation and were incubated at 
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rocHo temperature for 18 days. Fungus and agar were removed, chopped up 
with a knife, dropped into 2000 ml of absolute methanol, and stirred for 
2 hr. The liquid was separated from fragments T:y filtration through cheese­
cloth and Whatman #4 filter paper in a Buchner funnel. The filtrate was 
flash evaporated to near dryness and rehydrated with distilled water to a 
total volume of 300 ml and stored at -20 C. This was the stock toxin 
preparation. 
Prior to use aliquots were removed from the completely melted solu­
tion, filtered through a sterile Millipore filter of 0.2 ja porosity, and 
diluted with distilled water to concentrations appropriate for a given 
experiment. Unused toxin solutions were immediately returned to the 
freezer. 
Determination of toxin concentration 
One hundred seeds, each of N and Tms cytoplasms of Z. mavs inbred 
B37, were surface sterilized in I05S Clorox for 2 min, rinsed in 2 changes 
of sterile distilled water, and germinated at 30 C for 72 hr on sterile 
moist filter paper in plastic crisper boxes in the dark. The primary root 
of 10 germinated seeds from either cytoplasm was measured and the seeds 
were transferred aseptically to Petri plates containing 15 ml of a toxin 
dilution or distilled water (control). Primary root tips were submerged. 
The following toxin dilutions were assayed; 10"^, 2 x 10"^, 10"^, 2 x 10"^, 
10"3, 2 X 10"^, 10"^. After 48 hr at rown temperature the length of the 
primary root was again measured. Averages of root length at the start of 
the experiment were subtracted from the averages of root lengths at the 
end of the experiment to detemine the root elongation while under treatment. 
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Comparison to the water treatment control served to determine concen­
tration. 
Determination of toxin influence on respiration of leaf tissue 
All leaves from 3 to 4 week old com plants were sliced perpendicular 
to the veins into pieces approximately 1 mm wide with a razor blade and 
thoroughly mixed such that samples taken were hcaaogeneous relative to tis­
sue age and condition. Unwashed leaf samples were placed into 4 ml of 
0.1 M phosphate buffer at pH 6,0 in the reaction chamber of side arm flasks 
used on a Gilson respironeter. The center well contained a fluted filter 
paper acting as a wick for 0.3 ml of 205^ KOH. The side ana contained 0.5 ml 
of either concentrated toxin (stock), a 10"^ dilution of toxin distilled 
water, 0,01 M sodium azide, 0.25 ml of 0.02 M kaempferol + 0,25 ml concen­
trated toxin, or 0,25 ml of 0,02 M kaempferol + 0,25 ml distilled water. 
With the water bath set at 32 C and the shaker at 132 oscilations/min, the 
flasks were attached to the respirometer and allowed to equilibrate 20 min 
before being closed off to the atmosphere. When the flasks were initially 
closed off, the barometric pressure and ambient temperatures were recorded. 
The contents of the side arm were mixed into the reaction chamber by tip­
ping the flasks 30 or 100 min after closing to the atmosphere. Readings 
were made in ;ul at 10 min intervals. For experiments of 8 hr duration, 
the system was opened to the atmosphere periodically to allow the mano­
meters to be readjusted to a reading of 100. No corrections were made for 
slight variance in barometric pressure. Ambient temperature remained 
constant. Shorter experiments involved no reopening until the end of the 
experiment. Following an experiment the tissue was removed from the flask, 
placed into a tared aluminum pan, and dried for 2 days at 70 C in a 
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mechanical convection oven. The dry weight of the tissue was detemined 
after cooling over CaCl2, 
The following calculations were employed to bring the results to 
standard conditions: 
X = totals of readings taken at a time interval for a treatment less 
the total of the manometer readings at close off 
Y « number of min elapsed from the close off 
W •> total dry wt of tissue 
F « multiplying factor 
P • barometric pressure 
T B ambient temperature 
(273) (P) 
(T + 273) (760) 
Y = R jîl/min 
^ = L jil/min/g 
(L) (F) = S jil/min/g @ standard conditions 
Quantitation of yellow streak develoment 
Whorls of 2 week old B37 Tms plants were exposed to a few drops of a 
10~1 dilution of toxin by means of a #27 hypodermic needle passed through 
leaf tissue approximately 1 cm above the second leaf axil. At appropriate 
time intervals from 0 to 48 hr the third leaf was excised below the needle 
injury. The development of a yellow streak acropetal to the injury was 
rated from 0 to 5 with 0 representing no yellow color and 5 representing a 
strongly developed yellow streak. The length of the streak held no signifi­
cance. A Leitz Orbholux compound microscope equipped as a microspectro-
photometer was used to detect quantitatively the leaf tissue color change 
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from green to yellow. A plume illuminator replaced the usual nose piece 
for the purpose of incident illumination. A white paper card was laid on 
the stage as a standard for zeroing the galvanometer when no light was 
reflected and adjusting to 1005^ when light was reflected using the trans-
mittance scale. The 100^ transmission represented the maximum light 
reflected from the white card in a position perpendicular to the incident 
light. 
Other settings standardized were: light source power input (5 amp), 
area of sensing of the microscopic field, magnification (4 X objective), 
focus (on the plane of the card), photcxaultiplier power source (0.55 kv), 
monochroncmeter (500 nm), and monochronmeter sensitivity. 
A leaf visually rated for streaking was placed onto the card on the 
stage and a reading was made of reflected light in an area approximately 
1 cm above the needle injury. A second reading in adjacent tissue, not in 
a streak or not directly acropetal to the needle injury, was also recorded. 
The difference between the 2 readings was calculated and an average of the 
differences was determined for 6 to 10 plants at each time interval. 
Averages were plotted on a linear scale against time. 
Determination of the loss of RNA associated fluorescence in leaf tissues 
Two-week-old B37 Tms plants were treated with a 10"^ toxin dilution 
by hypodemic placement approximately 1 cm above the second leaf axil at 
appropriate intervals prior to a common time when the affected areas were 
excised and fixed in FAA ( formalin : acetic acid:ethanol, 5:5:45) for 24 hr. 
Affected arsas included cross section? of leaves 1 cm wide possessing 
yellow streaks surrounded by green tissue. Materials were dehydrated 
through a water - ethanol - tertiary butanol (TEA) series followed by 
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infiltration and aabedding in Tissueraat with a 56 C melting point (42). 
Ten ji thick sections were cut using a rotary microtmne in a cold room and 
affixed to glass slides using gelatin adhesive. Slides were stained with 
acridine orange (Nutritional Biochemicals Corp., Cleveland, Ohio 44128) 
according to the procedure of Bertalanffy (6). Slides were transferred 
through 2 changes of xylene followed tyy absolute, 95. 70, and 50^ ethanol 
to distilled water. Then the slides were transferred through 1^  acetic 
acid, distilled water, 0.01# acridine orange (3 min), 0,07 M phosphate 
buffer at pH 6,0 (1 min), 0.1 M CaCl2 (1 to 2 min), and into phosphate 
buffer again. The sections mounted were with buffer and examined. A 
Leitz Ortholux compound microscope with phase-fluorescence optics using a 
490-470 ji barrier filter and lamp housing filters BG38 and BGl on a 
mercury vapor lamp was used for observation. A Leitz Orthomat 35 mm 
camera recorded results on Kodak Kodachrome II or Kodak Panatcmic X film. 
In seme experiments adjacent sections from the microtomed paraffin 
ribbon were alternated on different slides and treated for 8 hr at room 
temperature with either a 1 mg/ml ribonuclease solution (Bovine pancreatic 
source 5 X crystalline. Nutritional Biochemical Corp.) or distilled water 
prior to the 1^ acetic acid treatment in the staining procedure. The 
alternating of the sections assured that tissues most nearly the same 
would receive the different treatments and error due to variation within 
tissue would be minimal. 
Electron microscope techniques 
Leaf tissu» to ba prspsrsd for electron microscopic observation was 
removed from the plant with a #16 hypodexmic needle modified into a small 
cork borer and affixed to a syringe containing fixative solution. Plugs 
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ranoved were approximately 1 mm in diameter. All buffers used for prepa­
ration were 0,1 M sodium phosphate buffers of pH 6,8 to 7.0, Fixatives 
involved were Jfa glutaraldel^yde in buffer or a 3# glutaraldehyde - 1,5^ 
acrolein - 1,5# parafoiwaldehyde combination in buffer as described l^y 
Hayat (33) • Fixation time varied from 4 hr to 24 hr at 4 C, Tissues 
were post fixed with 1 or 2# 0s04 in buffer for 1 to 12 hr. Dehydration was 
through 15, 30 , 50 , 70 , 95$ ethanol followed Toy 3 changes of absolute 
ethanol and 3 changes of propylene oxide, Araldite-Epon (58) or Spurr's 
embedding medium (77) (Ladd Research Industries, Inc,, Burlington, Vt.) 
served as final embedding resins. 
Thin sections cut with a DuPont diamond knife on a Reichert ultra-
microtome were mounted on 300 mesh uncoated copper grids and double stained 
for 30 min in uranyl acetate in absolute methanol (80) and lead citrate 
(69). Observations were made with either an Hitachi HS-8 or RCA-3MU-3P 
electron microscope at 50 kv. Cronar - Ortho - s - Litho film was used in 
both microscopes. 
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RESUIFFS 
Toxin 
One toxin preparation obtained in March, 1971, and stored frozen 
served as the supply for all experiments of this study. The toxic chatd-
cal component was unknown; therefore, it was important to bioassay quanti­
tatively the toxic effects so that other work could be correlated to 
results from this study. 
Seeds of B37 N and B37 Tms were germinated and exposed to 7 concentra­
tions of the toxin for 48 hr. Seedling root elongation was inhibited in 
both at higher toxin concentrations (Table 1) but the relative inhibition 
of root elongation (compared to elongation in water controls) was greater 
for Tms than for N cytoplasm plants at a given concentration of toxin. The 
concentration lAere Tms primaiy roots were inhibited 50$ was approximately 
the 2 X 10"^ dilution. Root elongation in N cytoplasm plants only was 
slightly inhibited at that concentration, A concentration of 2 x 10"^ 
caused more than a 50S6 inhibition of root elongation in N cytoplasm plants. 
In a second experiment a 2 x 10dilution of sterile toxin was used 
to treat both N and Tms cytoplasm seedlings. Comparisons were made to sim-
lar seeds treated with distilled water. Ten seeds were selected per plate 
and each treatment plate was replicated 4- times. Comparisons of data 
(Table 2) for average net increase in length of the primary root after a 
48 hr treatment revealed there was approximately a 50)5 inhibition of root 
elongation for Tms plants at this toxin concentration. 
Experiments were perfonned to determine the rate at which inhibition 
occurred in elongation of roots. Using a 2 x 10~3 toxin dilution or water 
Tabl(î 1, Inhibition of primary root elongation of inbred B37 various toxin dilutions^ 
Primary root length (mm) 
Normal cytoplasm Texas male sterile cytoplasm 
Toxin Initial Final Net growth Initial Final Net growth 
dilution average average for 48 hr average average for 48 hr 
10"^ 11.6 21.6 10.0 11.4 11.5 0.1 
2 x 10-2 9.1 27.1 18.0 8.6 12.1 3.5 
10-2 9.1 49.9 40.8 10.4 25.3 14.9 
2 X 10-3 10.3 50.9 40.6 9.0 32.0 23.0 
10-3 8.0 52.5 44.5 9.3 50.3 41.0 
2 X 10-4 7.4 53.5 46.1 13.3 60.4. 47.1 
10-4 7.6 65.9 58.3 10.0 64..7 54.7 
HgO control 9.4 56.5 4-7.1 10.3 67.6 57.3 
^Al]. data are given as averages of 8 to 9 germinated seeds. 
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Table 2. A comparison of primary root elongation inhibition of 
inbred B37 using a 2 x 10"^ toxin dilution or distilled 
water^ 
Primary root length (mm) 
Average net 
Cytoplasm and Petri Initial Final Net increase growth for 
treatment plate # average average for 48 hr treatment 
N + H2O 1 36.7 102.5 65.8 
2 44.6 109.8 65.2 
3 50.8 115.1 64.3 
4 47.8 115.5 67.7 65.8 
N + Toxin . 5 40.1 96.4 56.3 
6 40.9 102.6 61.7 
7 42.4 98.5 56.1 
8 34.5 91.8 57.3 57.9 
Tms + H2O 9 43.9 106.9 63.0 
10 48.6 116.8 68.2 
11 41.0 101.9 60.9 
12 42.6 102.6 60.0 63.0 
Tms + Toxin 13 37.4 67.8 30.4 
14 48.4 73.0 24.6 
15 46.1 73.8 27.7 
16 38.0 77.3 39.3 30.5 
^ata taken from 10 geminated seeds per plate. 
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control treatment with B37 Tms and B37 N, I exposed seeds to the toxin for 
1, 2, 4, 12, 24, or 48 hr. The results of a typical experiment are shown 
in Table 3 and for ease of calculation and understanding the data are 
plotted in Figure 1. The approximate rates of elongation were: N + water, 
1,2 mm/hr; N + toxin, 1.2 mra/hr; Tms + water, 1.7 mm/hr; Tms + toxin, 
0,75 mm/hr. It appeared the inhibition started during the first hr of 
contact with the toxin and the rate of inhibition increased with time. 
Influence of toxin on respiration of leaf tissue 
Experiments designed to determine the influence of toxin on leaf tis­
sue of N and Tms cytoplasms of B37 were run for 2 periods of time of 8 to 
9 hr and 4 hr. Tables 4, 5, and 6 present data relating to Figures 2, 3, 
and 4 respectively. Each related table and figure is from 1 experiment 
representative of its type which has been repeated at least once with simi­
lar results. The large amount of tissue and the duration of sampling in 
several experiments (Tables 4 and 5; Figures 2 and 3) necessitated periodic 
opening of the system to the atmosphere. 
Figure 2 indicates there was a rise in respiration rate in Tms tis­
sues prior to a rapid decline with the concentrated toxin treatment rela­
tive to the water control. Figure 4 shows there was a similar response 
with toxin treatments following a longer period of equilibration before 
exposing the tissue to toxin. Respiration in the water controls was fairly 
stable. The toxin when exposed to B37 N tissue failed to produce the 
increase followed ly rapid decrease in respiration rate (Figure 3), which 
vas indicated vith B37 Tzs leaf tissue (Figure 2)= Respiration rates of N 
tissue treated with toxin were less than water controls, but they did not 
approach the decrease in respiration rate encountered with Tms tissue. 
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Table 3» B37 Tms or B37 N primary root elongation during treatment 
with 2 X 10~3 toxin dilution or water for various time 
periods^ 
Primary root length (ram) 
Treatment, Initial Final Net 
Cytoplasm Treatment Plate # time (hr) average average growth 
N Hgp 1 1 31.8 34.0 2.2 
N H20 2 2 32.5 35.2 2.7 
N H20 3 4 34.5 39.2 4.7 
N H20 4 12 35.1 46.3 11.2 
N H2O 5 24 35.4 66.3 30.9 
N H2P 6 48 35.4 82.4 46.5 
N Toxin 7 1 31.7 34.0 2.3 
N Toxin 8 2 34.8 37.2 2.4 
N Toxin 9 4 42.4 46.7 4.3 
N Toxin 10 12 43.9 57.9 14.0 
N Toxin 11 24 36.4 64.5 28.1 
N Toxin 12 48 43.4 89.0 45.6 
Tms H2O 13 1 34.8 35.8 1.0 
Tms H20 14 2 38.5 42.9 4.4 
Tms H20 15 4 45.6 51.8 6.2 
Tms H20 16 12 46.3 62.4 16.1 
Tms H2Q 17 24 36.4 70.8 34.4 
Tms H2O 18 48 38.9 102.6 63.7 
Tms Toxin 19 1 48.4 50.4 2.0 
Tms Toxin 20 2 33.0 35.6 2.6 
Tms Toxin 21 4 42.2 46.1 3.9 
Tms Toxin 22 12 45.1 54.3 9.2 
Tms Toxin 23 24 41.5 64.0 22.5 
Tms Toxin 24 48 43.9 72.8 28.9 
^All data taken as averages of 10 germinated seeds. 
"All plates started at the same time with results read after the 
designated time period had elapsed. 
Figure 1. Timed experiment on the elongation of roots from 
germinated B37 Tms and B37 N seeds treated with 
2 X 10-3 toxin dilution or distilled water. Points 
represent the average increase in primary root 
length during the treatment period indicated. Ten 
geminated seeds were averaged for each point and 
each point represents a separate Petri {date of 
10 seeds. Hours indicated along abscissa represent 
time the root tips were in contact with the treatment. 
Sterile techniques were used throughout experiment to 
avoid effects due to other organisms or their meta­
bolic byproducts. Note that B37 N is relatively 
uninhibited by toxin; whereas, B37 Tms is inhibited 
slightly more than 505^. 
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Table 4. Effect of toxin on the respiration of B37 Tns leaf 
tissue® 
Treatments^ 
Time® Tissue + Tissue + Tissue + 
(min) conc. toxin 10-1 toxin dil. HgO 
10 22.2 .25.1 27.2 
20 23.1 25.3 27.3 % 23.0 24.7 27.0 
40® 23.7 24.8 26.9 
50 24.4 24.9 26.7 
60 23.6 24.2 26.2 
70 22.6 23.5 26.1 
80 21.7 23.0 26.1 
120 8I3 13.7 22.9 
130 8.0 13.0 23.5 
140 7.7 12.4 23.3 
150 7.6 12.1 23.3 
160 7.0 11.5 23.1 
170 -6.8 11.2 23.1 
180 6.6 10.8 23.1 
®Three control flasks containing concentrated (conc.) toxin, 10"^ 
toxin dilution (dil.% or water without leaf tissue did not show signifi­
cant deviation from their initial reading. 
^ata are recorded as jxLjg dry wt/min adjusted to standard condi­
tions. The recorded data are the average of 3 replications within this 
experiment. The dashed line breaks indicate times at tdiich the system 
was reopened to the atmosphere and the manometers returned to a 100 jil 
reading. While readijngs were not being taken, the system was left open. 
^ime is listed in minutes from the time the system was originally 
closed off from the atmosphere. 
This is the first reading time following tipping and mixing of 
side ana contents. 
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Table 4 (Continued) 
Treatments 
Time Tissue + Tissue + Tissue + 
(min) conc. toxin 10"^ toxin dil. HgO 
260 3.8 4.6 19.1 
270 3.9 5.2 19.4 
280 4.1 5.6 19.6 
290 4.1 5.6 19.7 
410 0.8 2.6 14.2 
420 1.4 3.8 15.4 
430 1.9 4.2 16.0 
#0 1.8 4.1 16.2 
450 1.7 4.0 16.0 
460 1.7 4.1 15.8 
470 1.6 4.1 16.0 
480 1.6 4.0 15.9 
490 1.6 4.1 15.9 
Figure 2. Respiration measurements over 8 hr involving B37 Tms 
leaf tissue treated with crude toxin or distilled 
water. Each point represents the average of readings 
from 3 reaction flasks. The system was opened to 
the atmosphere and allowed to remain open between 
periods during which readings were taken. Note the 
tendency for the first 2 readings of each reading 
series to be lower than the other points within the 
series. A possible explanation may be that these 
readings were made while the system was reequili-
brating after being closed off from the atmosphere 
(see Conclusions). "Tip" indicates the time at 
which 0.5 ml contents of the side azu were mixed 
into the reaction chamber containing the tissue 
and 4 ml buffer. 
3 0  
H2O control 
10"^ toxin 
25 
conc. toxin 
=20 
<]tip 
h o u r s  
33 
St 
Table 5* Effect of toxin on the respiration of B37 N leaf tissue 
Treatments^ 
Time® Tissue + Tissue + Tissue + 
(min) conc. toxin 10**^ toxin dil. H;gO 
10 29.6 31.2 30.6 
20 31.0 31.6 31.5 
30^ 30.9 31.3 31.5 
40° 31.6 31.2 31.5 
50 32.8 31.4 31.5 
60 31.6 31.3 31.5 
100 25.9 27.6 29.1 
110 27.5 29.0 30.7 
120 26.8 28.6 30.3 
130 26.5 28.3 30.1 
140 26.3 28,2 30.0 
150 25.8 28.0 32.5 
170 20.9 25.8 29.3 
180 22.1 26.3 29.5 
190 22.2 26.1 29.3 
200 22.2 26.1 29.3 
®Three control flasks containing concentrated (conc.) toxin, 10 
toxin dilution (dil.% or water without leaf tissue did not show significant 
deviation from their initial reading. 
axe recorded as jol/g dry wt/min adjusted to standard conditions. 
The dashed lines indicate times at which the system was reopened to the 
atmosphere and the manometers returned to a 100 jil reading. While 
readings were not taken, the system was left open. The recorded data are 
the average of 3 replications within this experiment. 
°Time is listed in min from the time the system was originally 
closed off from the atmosphere. 
^his is the first reading time following tipping and mi Ting of side 
arm contents. 
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Table 5 (Continued) 
Treatments 
Time Tissue + Tissue + Tissue + 
(min) conc« toxin 10" toodn dil. HgO 
210 21.9 25.5 28.9 
220 21.7 25.2 28.7 
300 16.0 20.2 25.4 
310 17.4 20.5 25.1 
320 17.7 21.0 25.3 
330 17.5 20.9 25.3 
340 17.2 20.5 25.0 
350 17.1 20.5 24.8 
360 17.1 20.3 24.7 
5U0 10.9 14.7 15.9 
550 10.7 14.3 15.9 
560 10.9 14.4 16.1 
Figure 3» Respiration measurements over 9 hr involving B37 N 
leaf tissue treated with crude toxin or distilled 
water. Each point represents the average of readings 
from 3 reaction flasks. The system was opened to 
the atmosphere and allowed to remain open between 
periods during which readings were taken. Note the 
tendency for the first 2 readings of each reading 
series to be lower than the other points within the 
series. A possible explanation may be that these 
readings were made while the system was reequili-
brating after being closed off from the atmosphere 
(see Conclusions). "Tip" indicates the time at 
which the 0.5 ml contents of the side ana were 
mixed into the reaction chamber containing the 
tissue and 4 ml buffer. 
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Table 6. Short term experiment of toxin effect on the respiration 
of B37 Tms leaf tissue* 
Treatments^ 
####%««» -i- .A. a V 1 ^""1 Time Tissue + Tissue + 5 x 10"""^ Tissue + Tissue + Tissue + 
(min) conc. toxin toxin dil. Na azide kaemp + toxin 1^0 
10 6.5 9.8 7.6 7.4 12.8 
20 7.8 9.8 9.2 8.1 12.8 
30 7.5 9.4 8.9 8.2 12.1 
40 7.8 9.3 9.2 8.6 12.6 
50 7.9 9.6 9.3 9.0 12.6 
60 7.9 9.3 9.0 8.7 12.5 
70 8.0 9.4 9.1 8.9 12.5 
looe 8.0 9.4 9.4 9.2 12.8 
110 9.1 10.0 9.5 10.3 13.4 
120 10.3 10.4 9.4 10.9 13.5 
130 10.7 10.5 9.1 11.0 13.2 
140 10.8 10.4 8.7 11.0 13.2 
150 10.6 10.2 8.4 10.9 13.4 
^hree control flasks containing concentrated (conc.) toxin, sodium 
azide (Na azide), or kaempferol (kaemp) + water without leaf tissue did 
not show significant deviation from their initial reading. 
^ata are recorded as jil/g dry wb/min adjusted to standard conditions. 
The data represent averages of 3 replications within this experiment. 
The empty space indicates no data recorded at that time but the system 
remained closed for the entire experiment. 
^ime is listed in min from the time the system was closed off from 
the atmosphere. 
^he concentrated toxin was diluted 1:1 with water. 
^Sodium azide was included as a control indicating respiration 
changes were occurring involving the cytochrome system. 
f 
A ââtuTàtôd kasapfsrol solution in vstsr vas diluted 1:1 vith con­
centrated toxin. 
^his is the first reading time following tipping and mining of side 
arm contents. 
Table 6 (Continued) 
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Treatments 
Time 
(min) 
Tissue + 
cone, toxin 
Tissue + 5 X 10"^ 
toxin dil. 
Tissue + 
Na azide 
Tissue + 
Kaanp + toxin 
Tissue + 
HgO 
160 10.5 10.2 8.1 10.7 13.2 
170 10.3 10.0 7.8 10.5 13.2 
180 10.0 9.7 7.6 10.3 13.3 
190 9.9 9.6 7.4 10.0 13.2 
200 9.6 9.4 7.2 9.9 13.2 
210 9.4 9.1 7.0 9.6 13.3 
220 9.2 8.9 6.8 9.4 13.2 
230 9.0 8.7 6.7 9.2 13.2 
Figure 4. Respiration measurements over nearly 4 hr involving 
B37 Tms leaf tissue treated with distilled water, 
5 X 10-1 toxin dilution, concentrated toxin, 
0.25 ml of a saturated kaempferol solution + 
0.25 ml of concentrated toxin, and 0.01 M sodium 
azide. The 0,5 ml treatments were mixed into 
4 ml of buffer in which the leaf tissue had been 
placed at the point in time indicated "tip". The 
system was not opened to the atmosphere until the 
experiment was completed. Each point indicates 
the average reading from 1 to 3 reaction flasks. 
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Yellow streak develoment 
Figure 5 depicts the typical well developed reaction of B37 Tms and 
By? N leaves to whorl treatment with H. maydis toxin. At relatively high 
concentration (i.e. concentrations which give a positive yellowing reac­
tion on Tms cytoplasm) the volume of toxin placed into the whorl is not 
significant provided enough is present to expose injured tissues to the 
toxin. Excess volumes of toxin do not appear to increase greatly the rate 
or area of tissue showing an effect (83). All plants used in this study 
for yellow streak testing were treated with a small volume circa 0.25 ml 
of 10"^ dilution of the stock toxin. The yellow-streaking reaction 
occurred on 100$ of the Tms plants tested; similar symptoms did not develop 
on any N cytoplasm plant. Due to the mode of tissue maturation in com, 
leaf tissue collected a few hours after treatment was much closer to the 
whorl and less mature than tissues collected many hours after treatment. 
All plants were pierced at the same point relative to second leaf axil in 
order to minimize maturity effects. The third or fourth leaf of plants 
varying in age from 2 to 3 weeks reacted the same in all plants of a given 
cytoplasm. Yellow streaks eventually became necrotic after several days 
to a few weeks following toxin treatment. 
One experiment was run to eliminate the possibility that enzymes 
produced by H. maydis race T in culture and which may have been present in 
the toxin preparations were involved in the development of the yellow 
streak on Tms cytoplasm. An aliquot of 10"^ dilution of toxin was auto-
claved for 20 min at 15 psi, cooled to room temperature, and placed into 
the whorl of Tms and N cytoplasm plants via the hypodermic needle. Tms 
cytoplasm plants produced the usual yellow streak with the toxin and N 
cytoplasm plants did not. 
Figure 5. Photograph of the typical reactions of Tms (A) and N (B) 
cytoplasms from a single inbred to H. maydis race T 
toxin approximately 48 hr after treatment. Several 
drops of a 10"^ dilution of the crude toxin preparations 
were placed into the whorl with a syringe needle passed 
through the leaves making a wound 1 cm above the second 
leaf axil. The leaves were excised from the plants 
just prior to being photographed. line scale represents 
0,5 cm. 

Quantitation of yellow streak development 
Table 7 contains the data used in Figure 6 which relate to the micro-
spectrophotometric technique of determining the color change due to toxin. 
Note particularly the insensitivity of the visual rating compared to the 
percentage readings obtained with the aid of the microspectrophôtometer. 
The variation between single plants was great which was reflected to a 
lesser extent in the variation of the average differences. Plotting the 
large number of data points allowed the general trend in increasing yellow­
ness, and thus increasing reflectance to be observed (Figure 6). The 
maximum slope demonstrated a 0.3^/hr rate of change. From Figure 6 it 
appeared that the development of yellowness started almost immediately 
upon treatment. After approximately 30 hr from injection there was a 
decrease in the rate of yellowing development. The rate appeared to be 
relatively constant until approximately 30 hr. 
Loss of RNA associated fluorescence 
The appearance of leaves prior to fixation were as described above 
under "yellow streak development." A visible rating of the obvious pres­
ence or absence of the yellow streak was made on 2 leaf tissue segments per 
treatment (Table 8). After embedding, 1 leaf tissue piece/treatment was 
sectioned and stained with acridine orange and observed immediately with 
the fluorescence optics. Black and white micrographs of the results taken 
over areas of least fluorescing tissue were only slightly helpful in 
recording results. The color micrographs like those of Figure 7 were most 
helpful in determining when the RNA associated fluorescence was lost. 
The RNA associated fluorescence was a red-orange color most intensely 
exhibited in chloroplasts. RNA has been shown to be inside chloroplasts 
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Table 7. Comparison of microspectrophotometer quantitation of the 
development of toxin induced yellow streaks vxth unaided, 
eye ratings^ 
Time^ Average Visible streak Time Average Visible streak 
(to)» Difference ($)° rating (hr) difference ($) rating 
1 1.25 0 20 5.50 3 
2 0.50 0 21 9.50 3+ 
3 0.88 0 22 9.63 4 
4 0.63 0 23 9.50 4 
5 1.75 0 24 10.13 4 
6 2.63 0 25 7.50 5 
7 3.75 1 26 8.13 5 
8 4.50 1 27 8.63 5 
9 1.88 2 28 8.75 5 
10 2.50 2 29 11.38 5 
11 3.50 2+ 30 8.38 5 
12 4.40 2+ 32 10.00 5 
13 5.50 2+ 33 9.75 5 
14 6.25 2 34 9.75 5 
15 4.40 3 36 9.75 5 
16 6.25 3 38 11.38 5 
17 5.00 3 40 11.17 5 
18 6.50 3 44 9.88 5 
19 7.75 3 48 10.75 5 
^Es^ieriment run with B37 Tms plants 11 days old at the start of 10 
toxin dilution injections. Data taken from 6 to 10 plants at each 
time interval. 
^ime elapsed between toxin treatment and measurements. 
^he average of calculated differences between the percent reflected 
light reading from outside the streak area subtracted from the percent 
reflected light reading from within the streak area. All plants of that 
treatment time were considered with 1 set of readings (1 inside and 1 
outside the streak area) per plant. 
'^he visible streak rating was made on an arbitrary scale with 0 
representing no visible yellcw streak and 5 reprsssnting the apparent 
maximum of yellowing. 
Figure 6. Quantitative development of yellow streak on B37 
Tras leaf tissue due to H, maydis race T toxin. 
Each point represents the average difference 
between percent reflected light within the 
streak area minus the percent reflected light 
outside the streak area on the same leaf of 
6 to 10 leaves. Each leaf was excised from 
a different plant. 
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Table 8. Time sequwce study of the appearance of a yellow streak 
in B37 Tms and N leaf tissue and the loss of RNA. asso­
ciated fluorescence in the tissue 
Time, 
(hr)^ Cytoplasm Treatment 
Yellow streak 
visible^ 
Loss of 
fluorescence® 
0 Tms Toxin 
Tms H2O - -
N Toxin - -
N H2O - . -
1 Tms Toxin 
Tms H2O - -
N Toxin - -
N H2O - -
6 Tms Toxin _ 
Tms H2O - — 
N Toxin - -
N H2O - -
12 Tms Toxin 
Tms H2O - -
N Toxin - -
N H2O - -
24 Tms Toxin + + 
Tms H2O - -
N Toxin - — 
N H20 - -
48 Tms Toxin + 
Tms H2O - — 
N Toxin - — 
N H2O — -
^he time from treatment to tissue fixation in FAA. 
^ata recorded prior to fixation. 
°Loss of RNA associated fluorescence along portions of cross sections 
following acridine orange staining. 
Figure 7. RNA aasociated fluorescence 
Upper left: Fluorescence frm a toxin treated B37 Tms 
leaf section after 48 hr. The area vas not -within the 
yellow streak. The section was treated with distilled 
water prior to staining with the acridine orange proce­
dure (1$4 X), 
Upper right: Fluorescence from a 48 hr toxin treated 
B37 Tms leaf section which was within the yellow streak. 
Section treated as above. Note the loss of RNA asso­
ciated fluorescence (604 X). 
Lower left: Fluorescence from a section of B37 Tms 
leaf at the border of a toxin induced yellow streak. 
Note that RNA associated fluorescence decreases gradually 
over several cells near a vein. Section treated as above 
(154-X). 
Lower ri^t: Fluorescence from a section of B37 Tms 
leaf not treated with toxin. Sections were treated for 
8 hr with commercial ribonuclease prior to staining 
(154 X). 

(39). The chloroplasts were appressed to the mesophyll and bundle sheath 
cell walls and were surrounded by less intensely stained cytoplasm. The 
large vacuole of those cells contained very little fluorescing material. 
Secondary thickenings of vascular cells fluoresced a greenish yellow color. 
DNA, also stained by the metachromatic acridine orange, fluoresced with a 
yellow color. Chlorophyll fluorescence was not observed which was prob­
ably due to chlorophyll extraction during preparative processes. 
Along with the micrographs visual ratings were made of the loss of 
fluorescence in the tissues (Table 8). Note a correlation between the 
appearance of the yellow streak and the disappearance of the fluorescence. 
The loss of fluorescence occurred between 12 and 24 hr after toxin treat­
ment. The yellow streak and the nonfluorescing areas appeared bounded by 
veins. Some leaf sections did not stain as well as others; when this 
occurred, the entire section appeared to be thus affected. Consequently, 
the confusion of nonfluorescing areas due to toxin treatment and poorly 
stained sections was minimal. 
To insure that the above observations were toxin induced, I excised 3 
B37 Tms leaves 48 hr after treatment and recorded the number, width, and 
location of the yellow streaks (Table 9) « Each piece of tissue was 
embedded in a separate paraffin block so later data could be correlated 
with data taken before fixation. After sectioning and staining the same 
leaf tissues were observed with the fluorescent microscope and the number, 
width, and location of areas losing fluorescence was recorded (Table 9). 
The border of the nonfluorescing area of a stained section is a few cells 
wide and could account for discrepancies between "streak width" and "non-
fluozescing area width. " RNase treatment of alternate contiguous sections 
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Table 9> Comparison of yellow streak location in B37 Tms leaves 
with RNA associated fluorescence loss 48 hr after treat-
-1 
ment -with 10 toxin dilution 
Parameter 
Plant number 
Before embedding: 
Number of streaks 
Streak widths (mm)^ 
Streak on margin 
2 if 2 
1.5:3.0 5.0;5.0;3.0;2.0 3.0;1.5 
After sectioning and 
staining with acridine orange: 
Number of nonfluorescing areas 2 
Widths of nonfluorescing areas® 1,7;2,9 
d 
Fluorescence on margins 
4 1 
4.7;4.5;3.0;2.4 3.4 
Sections of plant 3 did not stain well, 
b 
Streak widths measured with a mm ruler, 
^Area widths measured with the aid of an ocular micrometer, 
d 
RNA associated fluorescence lacking or present at the leaf margins. 
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decreased the fluorescence of nontoxin treated tissues, verifying the 
specificity of the stain for RNA. (Figure 7) • 
Electron microscope observations 
The preparation techniques for the highly vacuolated leaf cells of 
corn ofter^ appeared to be destructive to tl^ tissues. Artifacts such as 
the infJlding of cell walls and cell collapse made it qpcessary to abandon 
the Araldite-Epon for a much less viscous wbedding medium. The use of 
Spurr's medium greatly improved the condition of the tissue in that folds 
and breaks in the cell walls were less frequent. Poor fixation with 
glutaraldehyde alone resulted in the use of the glutapraldehyde, acrolein, 
and paraformaldehyde combination. Best results were obtained with this 
fixative by treatment for 4 hr under conditions of constant, gentle 
agitation. 
Electron micrographs from 1 experiment in the Appendix of this thesis 
(representative of several experiments) were taken of a series of tissues 
treated and fixed in the 3-o(xmponent fixative. Two to 4 B37 Tms leaves 
(1 tissue sample/leaf) were observed from each of the following time 
intervals following toxin treatment: 0 (Figures 12 to 14), 12 (Figures 
15 to 17), 24 (Figures IB and 19), 48 (Figures 20 and 21), 72 (Figures 22 
and 23), and 96 hr. B37 Tms tissues treated for 96 hr were observed inside 
(Figures 24 to 29) as well as outside (Figures 30 to 33) yellow streak 
boundaries. Samples were taken of B37 N tissues before toxin (Figures 8 
and 9) treatment and after 96 hr (Figures ID and 11) of toxin treatment. 
to 14) and both toxin treated (Figures 10 and 11) and untreated (Figures 
8 and 9) N cytoplasm leaves were similar. Cytoplasm types were indistin­
guishable (Figures 8, 9, 12, 13, and 14), The appearance of N cytoplasm 
leaf tissues were similar with or without application of 10"^ toxin dilu­
tion, The effects of toxin on Tms tissues were not great, Chloroplasts of 
both types found in mesopt^U and bundle sheath cells (34) were found 
unaffected at all time intervals. The internal matrix of mitochondria was 
maintained in all preparations and the nucleus with its envelope appeared 
to be particularly resistant to toxin damage. Other organelles were not 
consistently changed in a particular manner to indicate toxin affect. 
Small membrane bound vesicles were apparent in place of the tonoplast 
(Figures 19, 20, 22, 27, 28, and 29) more often in toxin-treated tissues 
than in untreated tissues. Possibly they arose from a disintegrating 
tonoplast. Breaks in the tonoplast did occur in the untreated tissues, 
but the damage was less extensive. Damage increased in intensity with 
duration of toxin treatment reaching greatest proportions in the 96 hr 
treated tissue. Tms tissue excised from outside the yellow streak 
(Figures 30 to 33) in 96 hr treatment plants was indistinguishable from 
the untreated Tms tissues (Figures 12 to 14). Tissues frœn inside the 
streak compared to tissues outside the streaks taken from Tms leaves after 
96 hr of treatment were distinguishable only tonoplast breakdown. 
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DISCUSSION 
ToadJl and concentration datarminp-hinn 
Although the toxic component was not isolated from the crude toxin 
preparations, the preparations demonstrated the host specificity in the 
bioassay techniques used. The root elongation inhibition assay was selected 
for toxin concentration determinations since it is the most reliable tech­
nique known thus far which gives results proportional to the concentration 
involved. Other techniques are more laborious and are less reliable for 
quantitative assays (83). 
N cytoplasm plants are affected by toxin from H, mavdis race T in a 
similar manner as Tms cytoplasm with relation to primary root inhibition. 
But the Tms root tissue is more sensitive and reacts at much lower concen­
trations. The slight variation in response to 2 x lO'^ toxin dilution by 
Tms cytoplasm giving sH^tly less than 50^ root inhibition in 1 experi­
ment (Table 1) and slightly more in another (Table 2) can be attributed to 
biological variation. Exact quantitation measurements with this system 
are not possible. It is the system agreed upon T%r the U, S. Department of 
Agriculture Cooperative State Research Service grantees for standardization 
of toxin preparations. 
The data presented in Table 3 concerning the inhibition of primary 
root elongation at given time intervals up to 48 hr for N and Tms cyto­
plasms treated with water or 2 x 10"^ toxin dilution demonstrates inhibi­
tion becoming effective within the first 2 hr after treatment. The rates 
would appear to be linear over the 48 hr period observed which may indicate 
a general slow down of growth processes rather than a steady decline ending 
in death. If a steady decline were the effect -within the limited time 
results were observed, it would seem the toxin treated Tms cytoplasm curve 
would become more horizontal, as a function of time. The theory that a 
decline to death is not involved is backed up by the length of time toxin 
treated leaves, which exhibit yellow streaks, maintain the yellow streak 
before evaitually turning brown as necrosis occurs. This period is often 
several weeks. The mechanism by which root elongation is inhibited is 
unknown. 
Respiration of leaf tissue 
An early effect which was quantitatively measured was the effect of 
toxin on respiration of leaf tissue. The 30 rain following the closing of 
the respirœneter system to the atmosphere and prior to tipping of reaction 
flasks with the mixing of treatment solutions with the leaf tissue was not 
sufficient time for complete equilibration of the system (Figures 2 and 3). 
A 100 min pre-tipping period allowed the rates to become nearly level 
before the treatments were begun (Figure 4). This effect was found each 
time the system was opened (Figures 2 and 3). Complications due to the 
opening of the system to the atmosphere were minimal with the exception 
that it could not be decided if the rise in Tms cytoplasm respiration rates 
following toxin treatment were real or not. Experiments run with the sys­
tem closed entirely (made possible by less tissue being used for shorter 
periods of time) indicated the rise in rate prior to the depression was 
real (Table 6 and Figure 4). The toxin effects appeared nearly immediate 
Tîith the rise in respiration leveling out and turning downward within the 
first hour of tissue contact. Respiration changes in isolated mitochondria 
treated with toxin ty Miller and Koeppe (56) were also immediate. 
The greatest decrease in respiration rate occurred within the second 
hour. Tms cytoplasm respiration rates continued to decrease, but they 
diminished in the rate of decrease throughout the rest of the experiment. 
N tissue under the same circumstances did not have a sudden rise 
followed hy a sudden decline in respiration rates (Table 5 and Figure 3) • 
The respiration in toxin treatments was lower than the water control, but 
not comparable to the Tms cytoplasm reaction. 
Water controls for both N and Tms cytoplasms were comparable in their 
slow decline of respiration rates. This could be accounted for Tqy under­
standing the tissues were injured and {diotosynthesis was minimal. Degrada­
tion was inevitable. Earlier work with victorin treated oat tissues have 
indicated similar respiration reactions to toxin influence (2). A rise 
followed ty a decline in respiration rate is not uncommon in a disease 
situation (57). 
Variation in the initial rates of respiration of all tissues, which 
should ideally be equal, may have been due to tissue sample size. Samples 
were from a tissue homogenate of leaf areas differing widely in maturity. 
The small samples may have included more highly respiring tissues in 1 
flask, and more slowly respiring tissues in another. The important item 
to note is not the nmerical rate, but rather the timing and pattern of 
rate change. 
Yellow streak develoment 
The development of a yellow streak on Tms cytoplasm leaf tissue has 
been ccrrslsted directly to the presence of the H. maydis race T toxin 
(25, 83). The presence of an injury to the leaves in contact with the 
toxin would appear to facilitate toxin uptake as the yellow streak arose 
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only from around needle puncture wounds. The movement of the yellow streak 
from the puncture is primarily acropetal with some lesser basipetal 
development. 
Much hig^r concentrations of toxin were used on leaf tissue of B37 
Tms and B37 N than were necessary as indicated lay trial tests of highly 
diluted toxin which also caused the positive streaking response on Tms 
cytoplasm. Since no apparent visible effects were observed on N cytoplasm 
leaf tissue even with the highest toxin concentrations, the high concen­
trations (primarily 10"^ toxin dilution) were routinely used so that slight 
damage done by toxin in Tms cytoplasm might be amplified. 
Experiments involving autoclaved toxin preparations demonstrated that 
the symptoms seen were not due to enzymes in the toxin. 
Treatment of leaves using a needle through the whorl at approximately 
the same location on each plant minimized variation in results attributable 
to tissue maturity. Consideration was made in correlating results between 
samples taken at longer and shorter times after treatment. It would appear 
that results of various assay techniques and tissue appearance under the 
electron microscope indicate maturity differences are insignificant for the 
assay techniques used. 
The long period of time between development of a yellow streak and 
the eventual demise of the affected leaf tissue through necrosis would 
indicate that although some alteration of the cells is apparent, the 
alteration was not great enou^ to completely break down the metabolism. 
If the mctabolisz VSLS disrupted greatlj% necrosis would ensue more 
rapidly. Thus, minor changes were indicated. 
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Experiments indicating the quantitative development of the yellow 
streak on Tms cytoplasmic leaf tissue showed the most rapid development 
during the first 30 hr following treatment. The rate of yellowing 
decreased thereafter but yellowing continued. The use of a adcrospectro-
photometer enabled a very few cells to be analyzed, thus, relieving the 
necessity of great amounts of evenly treated tissue as would be necessary 
in chlorophyll extraction procedures. The use of a difference between 
inside and outside of streak readings made it possible to correct data for 
pigmentation variation between plants. The use of a large number of plants 
cut down greatly on the biological variation apparent in Figure 6 as the 
deviation of the lûotted points from the curve. The large number of 
samples also aided in making the curve more accurate. 
The standard setting used on the monochronometer of $00 nm was arbi­
trarily set after it was determined that percaitage reflected li^t 
increased as tissue changed from green to yellow regardless of the wave­
length measured. It is suggested that althou^ the readings are not inde­
pendent of wavelength, the amount of change in reflected li^t quality is 
small relative to the total reflected intensity. Thus, the quality change 
was overshadowed. The early changes in percentage reflected light increase 
could be due, in part, to a water soaking of tissues possibly brou^t about 
through electrolyte leakage. Indications of an early occurrence of ion 
leakage have been reported (11, 28). Eventual change would imi^lcate an 
effect on chlorophyll as the green color diminishes. 
The comparison of visual ratings to average difference in percentage 
reflected light (Table 7) indicates the relative insensitivity of the eye 
ôëtin&tô. Yallcwing vôs increasing bsfcrs it cculd be detected by rsiaided 
vision. 
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Loss of RNA associated fluorescence 
Acridine orange has been reported to be a specific metachromatic 
stain which results in red-orange fluorescence from RMA and yellow fluores­
cence from DNA (6). That report along with the removal of the red-orange 
fluorescence by treatment of sections with ribonnclease justify the con­
clusion that RNA is a material being altered ly the presence of toxin in 
Tms cytoplasm. The experiments involving measurements and locations of 
yellow streaks in Tms cybojûasm relative to the areas losing the RNA 
associated fluorescence confirm the relationship to H. race T toxin. 
Several possibilities exist as explanations for a loss of RNA asso­
ciated fluorescence: 1) The amount of ribonuclease may increase due to 
the toxin; 2) The amounts of ribonuclease may not increase, but preexist­
ing quantities may become active or released from sites within the cell 
where they were retained in an inactive state; 3) The metabolic production 
of RNA may be inhibited and the normal rate of degradation of existing RNA 
may continue with the net result of lowering the total amount of RNA; and 
4) The toxin alters the RNA in such a way that it is no longer capable of 
accepting the acridine orange stain. The impoitance of toxin alteration 
of RNA to the cellular integrity is unknown. The appearance of the yellow 
streak, as observed with unaided vision, occurs at approximately the same 
time as the decrease of the RNA associated fluorescence. As in the case 
of the yellow streak, if more sensitive methods were available for detect­
ing the presence of fluorescent illumination on the cellular scale, it is 
poeeible that the loaa of fluorescence could be found immediately following 
toxin treatment. Thus, the sensitivity of the technique limits deteznina-
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tlon of the time of loss of RNA associated fluorescence to between 12 and 
24 hr following treatment. 
Efforts to determine ribonuclease within toxin treated B37 Tns tis­
sues were inconclusive (personal communication in October 1972, from Dr. 
C. L. Tipton, Department of Biochemistry, Iowa State IMversity, Ames, 
Iowa). Estimates of g. mavdia infected leaf tissues gave an indication 
that ribonuclease activity increased in the disease situation; however, 
results were not always consistent. 
Electron microscope observations 
The fixation and embedding techniques for com leaf tissue are not 
developed either from this study or in the literature to the point where 
good preparations are reliably obtained with a minimum of artifacts. The 
procedures used for this study evolved throu^ trial and error and were 
used as the best procedures available. 
Analysis of electron micrographs entailed comparison of toxin treated 
tissues with nontoxin treated tissues of the same cytoplasm. Destruction 
found in the untreated controls was used as evidence justifying elimina­
tion of similar destruction in treated tissue from toxin associated affects. 
The appearance of several factors in toxin treated Tms cytoplasm tis­
sue, such as highly vacuolated chloropGLaâts with swollen thylakoids of the 
grana stacks, were eliminated as toxin affects since they were not consis­
tently present within that tissue. The change from the 3^ glutaraldehyde 
fixative to the 3-component fixative eliminated several rather consistent 
observations from being considered as a normal condition for com leaf 
cells. An example was a lack of small vacuoles under the peripheral 
envelope of chloroplasts in preparations with the 3-component fixative 
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which had nearly always been present in all tissues, treated and untreated, 
when a 3^ glutaraldehyde had been used. 
Comparison of reports in the literature of host-specific toxin induced 
damage did not give many parallel findings. Wall lesions did not appear as 
reported by Luke et ai. (5^) for H. victorias in susceptible oats. H. 
maydis race T toxin did not appear to cause disruption of endoplasmic retic­
ulum or nuclear envelopes. Nuclear envelopes appeared particularly resist­
ant to disruption in this study. Golgi bodies were not visibly affected 
nor were mitochondria although respiration rates of whole leaf tissue were 
altered ly the race T toxin. Chloroplasts did not appear changed nor were 
ribosones within the chloroplasts visibly changed as mi^t be indicated 
by the loss of RNA associated fluorescence. Other types of RNA below the 
resolution of the electron microscope could have been altered, thus, 
accounting for the fluorescence observations. 
Another consideration concerning the lack of chloroplast alteration 
was that chlorophyll, notably altered as shown by yellow streak develop­
ment and lAich was located within the chloroplast in association with the 
internal membrane system (59), was not within the electron microscope 
resolution. Damage done on the molecular level was not observable. Any 
chlorophyll would probably have been extracted in preparation procedures 
and would not have been present to observe. Evidence for such a conclu­
sion arises from the RNA fluorescence work. No chlorophyll fluorescence 
was noted in any section as indicated by the ribonuclease treated controls 
which should not have affectsd chlcrcphyll. In such sections, no fluores­
cence arose from chloroplasts as would be expected for chlorophyll. Ethanol 
is an effective solvent for chlorophyll. 
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Evidence foiznd demonstrating a lack of chlorophyll also shows that 
fixatives do not completely fix tissues as in a living state. Artifacts 
are definitely present on the molecular scale. 
Other workers reported damage to chloroplasts due to other toxins on 
other hosts such as disruption of grana fretwork and swelling and disor­
ganization of grana (21, $4, 81), Similar observations found in this 
study with H, maydis race T toxin on com leaf tissue were not felt to be 
toxin induced, but rather artifacts of preparation procedures. The only 
alteration of com leaf cells iriiich is felt ly this author to be attribut­
able to H. mavdis race T toxin was a marked propensity for the tonoplast 
to break down. Small vesicles, possibly originating from the tonoplast, 
appeared in locations where a destroyed tonoplast had been. Although this 
observation could also be found in some untreated control tissues, its 
presence in toxin treated tissues, particularly in tissues treated for a 
longer period of time, was more consistent and reliable. Such an altera­
tion was reported by White et (92) as the first detectable change 
occurring in leaf lesions caused by H. mavdis. Their work also mentioned 
later effects (see Literature Review section of this paper) which were not 
found in this study. The use of the fungal organism could have quite a 
difference in total effect since its mechanical disruption could induce 
host response. Both host and pathogen produce enzymes which probably have 
a great effect on the infected tissues. 
With the above observations in mind it would appear the damage by 
n. maydis race T toxin starts iisssdiatsly upon tissue contact as evidenced 
by the respiration and yellow streak development assays. Electron micro­
scope observations indicate the damage is primarily on membranes if first 
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observable changes are indicative of accentuated primary damage. The 
primary damage is probably at a molecular level below the resolution of the 
electron microscope. Some evidence for this is indicated by Halloin fit ai* 
(28) in the electrolyte leakage work dencnstrating rapid tissue response 
following toxin treatment. Damage at this level could be slight enough 
that immediate death of cells would not ensue but sufficient enou  ^ to 
predispose the cells to membrane breakage, particularly the tonoplast, 
lAen run throu  ^fixation and embedding procedures for the electron micro­
scope. Absolute proof that the preparation procedures are not responsible 
for visible damage would be difficult to obtain. 
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Figure 8. B37 N leaf tissue not treated with toxin. Note some 
disruption of tonoplast. Line scale represents 0*5 ji. 
mm### 
Figure 9. B37 N leaf tissue not treated -with toxin. Note the 
continuous nature of the tonoplast in the cell above. 
Damage to cells below probably due to fixation and 
embedding procedures. Line scale represents 0.5 u. 

Figure 10, B37 N leaf tissue treated with toxin for 96 hr. Note 
ohloroplast and mitochondrion are not disrupted. The 
tonoplast appears relatively undisrupbed compared to 
similar toxin treated Tms tissues. Line scale repre­
sents 0.25 JU. 
81 
Figure 11. B37 N leaf tissue treated with toxin for 96 hr. Note 
the continuity of the tonoplast and the appearance of 
chloroplasts and the mitochondrion. Line scale repre­
sents 0.5 XI, 

Figure 12. 637 Tms leaf tissue not treated with toxin. Note the 
continoity of the tonoplast and the appearance of 
chloroplasts and mitochondria. The discontinuities 
in the nuclear envelope are nuclear pores and not 
membrane disruptions. Line scale represents 1.0 jx. 

Figure 13* B37 Tms leaf tissue not treated with toxin. Note the 
condition of the mesophyll cell chloroplast. Line 
scale represents 0.5 Ji. 

Figure 14. Cells within a vascular bundle of 637 Tms leaf 
tissue not treated with toxin. Note the large 
vacuole common to nearly all leaf cells. Line 
scale represents 1.0 ja. 
89 
Figure 15. B37 Tns leaf tissue 12 hr after toxin treatment. 
Tonoplast in sane cells appears more disrupted than 
in other cells. No change in other organelles. 
Line scale represents 2.0 M. 
91 
Figure 16, B37 Tms leaf tissue after 12 hr of toxin treatment. 
Membrane disruption is minimal. Line scale repre­
sents 1.0 ji. 
0# 
Figure 1?. B37 Tms leaf tissue 12 hr after toxin treatment. 
Organelles appear unaffected. Line scale repre­
sents 0.5 

Figure 18. B37 Tms leaf tissue 24 hr after toxin treatment. 
Note tonoplast missing in the bundle sheath cell 
vith cytoplasmic contents dispersed into the 
vacuole. The tonoplast of the mesophyll cell 
below has not been destroyed. Line scale repre­
sents 1.0 ji. 

Figure 19. B37 Tms leaf tissue 24 hr after tœdjti treatment, 
Tonoplast in upper cell has been disrupted and 
vesicles, possibly of tonoplast origin, are located 
where tonoj^dast had been. Line scale represents 
1.0 /I' 

Figure 20. B37 Tms leaf tissue 48 hr after toxin treatment. 
Severe disruption of the tonoplast of a bundle 
sheath cell. Nucleus and chloroplasts appear 
undisturbed. Line scale represents 1.0 ii. 
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Figure 21. 637 Tms leaf tissue 48 hr after toxin treatment. 
Line scale represents 1.0 ja. 
COI 
Figure 22. B37 Tms leaf tissue 72 hr after toxin treatment. 
Note bundle sheath cells below the vascular cells 
have retained nucleus, mitochondria, and chloro-
plasts with little damage. Tonoplast has disinte­
grated and cytoplasmic contents have dispersed 
into the vacuole. Line scale represents 2.0 ja* 
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m 
Figure 23. B37 Tms leaf tissue 72 hr after toxin treatmoat. 
Note that the nucleus with its nuclear envelope 
has remained intact while surrounding cell contents 
have been disrupted. Line scale represents 1.0 ju. 
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Figiire 24. B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue taken from idthin a yellow streak. Note 
the tonoplast and the vesicles located «here a 
tonoplast has been. Line scale represents 1.0 xl. 
Figure 25* B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue taken from within a yellow streak. Note 
the tonoplast disintegration in the cell on the 
left. line scale represents 1.0 ja. 
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Figure 26. B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue from within a yellow streak. Tonoplast 
nearly intact. Line scale represents 0.5 n* 

Figure 27. B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue from within a yellow streak. Tonoplast 
completely missing from cell with small vesicles 
appearing in its place. Line scale represents 1.0 ii. 
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Figure 28. B37 Tnus leaf tissue 96 hr after toxin treatment. 
Tissue from -within yellow streak, Tonoplast 
fragments possibly being involved in small vesicle 
formation. Line scale represents 2.0 ji. 
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Figure 29. B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue from within yellow streak. Note tonoplast 
and cytoplasmic disruption with larger organelles 
relatively unaffected. Line scale represents 1.0 AI. 
U7 
Figure 30. B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue fïtm outside yellow streak. Tonoplast 
not disrupted. Line scale represents 0,5 »• 

Figure 31. B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue from outside yellow streak. Tonoplast 
disruption apparent. Line scale represents 1.0 
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Figure 32, B37 Tms leaf tissue 96 hr after toxin treatment. 
Tissue from outside yellow streak. Tonoplast is 
intact. Structure of nuclear envelope and 
chloroj^Oast are without disruption. Line scale 
represents 0,5 jx. 
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Figure 33. B37 Tms leaf tissue $6 hr after toxin treatment. 
Tissue from outside yellow streak. Tonoplast 
unbroken in one cell while in an adjacent cell 
it has been disrupted. Line scale represents 1.0 », 
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